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ABSTRACT 
For over 1 0  yea r s ,  O f f s h o r e  Nav iga t ion ,  Inc .  ( O N 1  1 
h a s  o p e r a t e d  and ma in ta ined  ne tworks  of HF phase  
comparison mar ine  n a v i g a t i o n  s t a t i o n s  employing ces ium 
c l o c k s .  The largest  permanent  network is i n  t h e  Gulf 
of Mexico where some f o u r t e e n  base s t a t i o n s  are 
c o n t i n u o u s l y  active and o t h e r s  are activated as needed. 
A s  t h e s e  HF phase  comparison sys t ems ,  which o p e r a t e  on 
a s i n g l e  t r a n s m i s s i o n  p a t h ,  r e q u i r e  a c l o c k  on t h e  
mob i l e  u n i t  as w e l l ,  t h e  O N 1  i n v e n t o r y  c o n s i s t s  of 
upwards of 70 c l o c k s  from t w o  d i f f e r e n t  manufac tu re r s .  
The main tenance  of  t h i s  network as an  o p e r a t i n g  
sys t em r e q u i r e s  a c o o r d i n a t e d  e f for t  i n v o l v i n g  c l o c k  
p r e p a r a t i o n ,  c l o c k  envi ronment  c o n t r o l ,  s t a t i o n  
per formance  mon i to r ing  and f i e l d  s e r v i c e .  
EQUIPMENT CONFIGURATIONS 
The O N 1  ACS ( A t o m i c  Clock  Sys tems)  network is 
comprised of t h e  base  s t a t i o n s  shown i n  F i g u r e  1. I n  
a d d i t i o n ,  o t h e r  networks may be e s t a b l i s h e d  t e m p o r a r i l y  
i n  v a r i o u s  coastal areas of t h e  U. S. and e l s e w h e r e  
a round t h e  world as r e q u i r e d  by t h e  on-going s e a r c h  for 
energy .  Each of t h e s e  b a s e  s t a t i o n s  is comprised 
t y p i c a l l y  of a CW t r a n s m i t t e r  d r i v e n  by  a s y n t h e s i z e d  
s i g n a l  g e n e r a t o r  l ocked  t o  a ces ium s t a n d a r d .  A s  shown 
i n , F i g u r e  2 p r o v i s i o n  is i n c l u d e d  for a u t o m a t i c  
t r a n s m i t t e r  swi t chove r  s h o u l d  t h a t  u n i t  f a i l ,  and 
b a t t e r y  backup to  keep t h e  CS s t a n d a r d  a l i v e  d u r i n g  
power f a i l u r e .  These  base s t a t i o n s  are s i t u a t e d  i n  
l o c a t i o n s  t h a t  have a l l  degrees of access, f r o m  easy t o  
d i f f i c u l t ,  i n c l u d i n g  o f f s h o r e  platforms. 
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The mobile s t a t i o n  c o n f i g u r a t i o n ,  also shown i n  
F i g u r e  2, is comprised of a Cs c l o c k  and s y n t h e s i z e r  
p r o v i d i n g  local phase  r e f e r e n c e  t o  a narrow band re- 
ceiver. The mobile equipment  also has  b a t t e r y  backup 
p r o v i s i o n s  for t h e  c l o c k .  The oven is n o t  g e n e r a l l y  
n e c e s s a r y  as t h e  equipment is f r e q u e n t l y  i n  t h e  condi -  
t i o n e d  equipment room of t h e  vessel, 
The c l o c k  env i ronmen ta l  chamber (oven 1 i s  a c t u a l l y  
a n  i n s u l a t e d  plywood box f a b r i c a t e d  a t  ONI.  Equipped 
w i t h  a t h e r m o s t a t i c  h e a t e r  t h e  t e m p e r a t u r e  of t h e  c l o c k  
i n s i d e  is ma in ta ined  a t  a b o u t  38+3"C(10O+S0F), 
somewhat above ambient ,  E a r l y  bEse s t a t T o n  h u t s  w e r e  
u n i n s u l a t e d  and t h e  h i g h e r  t e m p e r a t u r e  w a s  what c o u l d  be 
ma in ta ined  e a s i l y .  F i g u r e  3 shows a p i c t u r e  of t h e  oven 
and F i g u r e  4 is a typical base s t a t i o n  h u t .  
t i m e s ,  are s t r a t e g i c a l l y  located from F l o r i d a  to  Mexico 
t o  per form normal main tenance  and emergency repairs. 
A d d i t i o n a l l y ,  a h e l i c o p t e r  is c o n t i n u a l l y  available for 
s e r v i c e  cal ls  t o  o f f s h o r e  p l a t f o r m s .  
S i x t e e n  r o v i n g  t e c h n i c i a n s ,  seven  on cal l  a t  a l l  
CLOCK TYPES AND PREPARATION 
ON1 employs c l o c k s  manufac tured  by bo th  AP and FTS. 
The model type and age d i s t r i b u t i o n  of t h e s e  is broken 
down accord ing  t o  t h e  f o l l o w i n g  table:  
1 76 
TYPE 
HP 5061A 
-
FTS 4000 
FTS 5000 
FTS 4050 
DATE PURCHASED 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1979 
1979 
1980 
1980 
1981 
1 
7 
7 
3 
18 
6 
3 
4 
49 
2 
12 - 
2 
12 
6 
8 - 
14 
TOTAL COMPLEMENT 77 
Prior to their deployment, clocks are rated in- 
house for a minimum of 24 hours and, frequently, 48 hours 
to observe their general stability and suitability for 
field use. Any clock whose last service record is 3 
months or more old is subjected to a routine series of 
electronic checks at various test points. These read- 
ings are written down and kept as part of that unit's 
record. 
At installation time on board ship, the clock is 
rated by the navigation operator against the navigation 
net. Final adjustments to the C-field are made at that 
time and the clock is left undisturbed throughout the 
voyage, usually 14 days. A typical seismic operation 
may last from one, to many such voyages. 
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BASE STATION PERFORMANCE MONITORING 
B a s e  s t a t i o n  per formance  is moni tored  by t w o  
fand-based "mobile" s t a t i o n s  equipped  w i t h  s t r i p  c h a r t  
recorders, each  s t a t i o n  look ing  a t  a d i f f e r e n t  s e c t i o n  
of t h e  n e t .  N o t e  t h a t  a b s o l u t e  a c c u r a c y  is n o t  
i m p o r t a n t ;  it is o n l y  n e c e s s a r y  t h a t  t h e  n e t  m a i n t a i n  
zero r e l a t i v e  d r i f t  of one  s t a t i o n  w i t h  respect t o  
a n o t h e r  . The t r a n s m i s s i o n  mon i to r ing  here is b a s i c a l l y  
across l a n d  a t  1700 kHz so one  can expect t o  see 
s u b s t a n t i a l  short t e r m  v a r i a t i o n s  i n  r e c o r d i n g  d u r i n g  
t h e  c o u r s e  of a day. These  may be due  t o  skywaves, 
wea the r  f ron t s ,  etc, 
Ef for t s  are made t o  observe t h e s e  r e c o r d i n g s  a t  
r e g u l a r  t i m e s  e v e r y  day  and t h e r e b y  a s c e r t a i n  re la t ive  
d r i f t , i f  any. I t  is believed t h a t  t h e  24 hour 
o b s e r v a t i o n s  can  r e l i a b l y  detect errors of -05  l a n e  ( 2 5  
nanoseconds)  of one  s t a t i o n  w i t h  respect t o  t h e  
"master". A t  p r e s e n t ,  when t h i s  amount is reached ,  a 
t e c h n i c i a n  is d i s p a t c h e d  to  t h e  s t a t i o n  t o  make a 
C-f i e l d  a d j u s t m e n t  , 
Newly i n s t a l l e d  c l o c k s  r e q u i r e  close a t t e n t i o n  for 
a b o u t  t w o  weeks. Thereafter t h e  a v e r a g e  c l o c k  w i l l  
remain w i t h i n  p l u s  or minus 2 one hundred ths  of a l a n e  
(10 nanoseconds 1 w i t h o u t  r e q u i r i n g  a C-f ie ld  c o r r e c t i o n  
for  6 t o  1 2  months. Adjus tments  t o  t h e  beam c u r r e n t ,  
s econd  harmonic c o n t e n t ,  and c o n t r o l  voltage are 
performed once  e v e r y  3 t o  6 months. 
P l a n s  are b e i n g  made t o  implement a semi-automatic  
c l o c k  a d j u s t m e n t  scheme. T h i s  scheme employs "phase 
microsteppers" s u c h  as t h e  Aus t ron  2055A which can  be 
remotely c o n t r o l l e d  o v e r  t e l e p h o n e  or radio l i n k 3 g e s  t o  
implement s t ep /d r i f t  c o r r e c t i o n s  as small as 10- 
nanoseconds.  
FIELD PERFORMANCE SUMMARY 
O f  t h e  49 active s t a n d a r d s  12 have t h u s  far 
undergone  t u b e  r e p l a c e m e n t  a t  ONI.  A d d i t i a n a l l y  there 
have been 5 w a r r a n t y  repairs effected a t  HP. F i g u r e  5 
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lists t h e  dates of purchase and replacement t o g e t h e r  
wi th  t h e  approximate months of t ube  l i f e  realized 
(non-warranty) . Over one-half  of t h e  c locks  d a t i n g  
from 1974 or earlier are s t i l l  performing wi th  o r i g i n a l  
tubes .  Thus our  avarage realized tube  l i f e  is 
s i g n i f i c a n t l y  greater than t h e  74.6 m o s  avarage s e r v i c e  
l i f e  of t h e  f a i l e d  tubes .  
By way of comparison w e  f i n d  t h e  HP s t anda rd  
easier t o  s e r v i c e  and more u n i v e r s a l l y  understood by 
our  f i e l d  ope ra to r s .  The FTS standards are more 
d i f f i c u l t  t o  repair bu t  t hey  come with a 5 year  
warranty and appear more tempera ture-s tab le .  W e  have 
no q u a n t i t a t i v e  data t o  p r e s e n t  i n  t h a t  regard ,  
however. 
I n  our exper ience  t h e  parts which f a i l  most o f t e n  
i n  t h e  HP u n i t  are listed below i n  order: 
1. 5 mHz osci l la tors  
2. o p e r a t i o n a l  a m p l i f i e r  A 9  
3. s y n t h e s i z e r  A 1  
4. m u l t i p l i e r  A3 
5. oven c o n t r o l l e r  
Troubles  w i t h  t h e  FTS u n i t s  appear p r i m a r i l y  power 
supply  r e l a t e d .  S ince  a l l  FTS u n i t s  are i n  warranty,  
no  f a i l u r e  r eco rds  are on hand. 
Seve ra l  a s p e c t s  of c lock  ope ra t ion  and maintenance 
are perhaps p e c u l i a r  t o  our  ope ra t ing  environ3ent  and 
w i l l  be described here b r i e f l y .  
a t t e n d a n t  t o  ope ra t ing  with t h e  h igher  Zeeman frequency 
of 5 3  kHz as opposed t o  t h e  o l d e r  42  kHz, Though t h e r e  
may h e  some improvement i n  s t a b i l i t y  with t h i s  
modi f ica t ion  t h e  C-f ie ld  adjustment  r e s o l u t i o n  is 
decreased  t o  8-10 -14 from its p r e s e n t  5 x 10 . 
0N.I  t h u s  would run t h e  r i s k  of having f i e l d  o p e r a t o r s  
make improper C- f i e ld  ad jus tments  depending upon 
whether or not  t h e i r  p a r t i c u l a r  c lock  had been 
modified. This  w e  have chosen not  t o  do as t h e r e  w e r e  
p l e n t y  of mistakes made s o m e  yea r s  ago when t h e  C- f i e ld  
r e s o l u t i o n  w a s  aga in  changed by HP, 
Recent ly  HP has recommended h igher  C-f i e ld  levels 
-14 
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A common Occurrence  i n  s h i p b o a r d  o p e r a t i o n s  is t h e  
s w i t c h i n g  of s h i p ' s  g e n e r a t o r s  o n - l i n e ,  T h i s  a c t i o n  
f r e q u e n t l y  r e s u l t s  i n  severe power s u r g e s  of t h e  AC 
l i n e .  A s  t h e  5061A oven c o n t r o l  operates from t h e  
u n r e g u l a t e d  s u p p l y  v o l t a g e  it is a f r e q u e n t  c a s u a l t y  i n  
t h e  mobile sys tems.  
A l l  c l o c k s  have been equipped w i t h  S o n a l e r t  
a u d i b l e  alarms i n d i c a t i n g  power or logic f a i l u r e ,  T h i s  
w i l l  a ler t  t h e  mobile o p e r a t o r  immediately,  even i f  he 
is i n  a n o i s y  envi ronment ,  as he canno t  a lways observe 
t h e  c l o c k  i tself .  
W e  have had s e v e r a l  i n s t a n c e s  wherein t h e  standard 
w a s  stored w i t h o u t  power for ex tended  periods. I n  
t h e s e  cases, w i t h  t h e  i o n  pump i n o p e r a t i v e ,  t u b e  
l e a k a g e  can  become so great t h a t  subsequen t  o p e r a t i o n  
is  imposs ib l e ,  I n  t w o  cases of rough ly  six-months 
i n a d v e r t e n t  storage, t h e  t u b e s  were unrecove rab le ,  
I n  a t h i r d  case t h e  s t a n d a r d  w a s  a c a s u a l t y  of a 
severe f i re  aboard s h i p ,  t h e  i n s i d e s  and o u t s i d e s  of 
t h e  i n s t r u m e n t  becoming c h a r r e d  and f i re  b lackened .  
The u n i t  w a s  s u b s e q u e n t l y  d i sman t l ed  and l e f t  i n  pieces 
around t h e  shop  for ove r  a yea r  w h i l e  t h e  t e c h n i c i a n s  
worked t o  r e f u r b i s h  it i n  spare t i m e .  The Cesium t u b e  
w a s  r e i n s t a l l e d  i n  t h e  r e f u r b i s h e d  u n i t  and r e j u v e n a t e d  
w i t h  a h igh  v o l t a g e  power supply .  T h a t  u n i t  is now 
f u l l y  f u n c t i o n a l  and s e r v e s  as our  in-house s t a n d a r d .  
Summary 
The Cesium s t a n d a r d  has  proven t o  be a reliable 
component i n  p r o v i d i n g  a sys tem of n a v i g a t i o n  n o t  
a c h i e v a b l e  by o t h e r  means t o  date. Whether or n o t  GPS 
r e c e i v e r s  can perform as r e l i a b l y  and economica l ly  
r ema ins  t o  be de te rmined .  With i t 's  complete in-house 
service c a p a b i l i t y ,  ON1 w i l l  be m a i n t a i n i n g  it 's c l o c k s  
for  y e a r s .  
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FIGURE 3 
THERMOSTATICALLY-CONTOLLED OVEN FOR CS STD. 
183 
FIGURE 4 
TYPICAL REMOTE BASE STATION INSTALLATION 
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BATE/PURCY 
12/13/71 
10/01/71 
04/05/72 
07/06/72 
08/03/72 
11/10/73 
11/10/73 
02/01/74 
02/01/74 
02/01/74 
02/01/74 
02/01/74 
02/01/74 
04/30/74 
05/08/74 
DAT_E/REPL 
09/24/81 
07/28/75 
06/12/81 
04/08/80 
08/16/78 
09/02/81 
05/20/76 
09/27/79 
06/25/80 
10/25/76 
OE/20/80 
11/08/77 
12/09/76 
07/17/79 
02/16/79 
02/14/77 
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H , P I  WARRANTY 
H I P NARRANTY 
H I P WARRANTY 
H P I WARRANTY 
H I PI WARRANTY 
AVERAGE 74,6 
CESIUM BEAlVl TUBE REPLACEMENT SUPIMARY 
FIGURE 5 
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